Meristematic tissues are well known to be more sensitive to damage from ionizing radiation than differentiated tissues. Recent work on primary meristems has shown damage in Taxus buds at exposure rates as low as 3.75 r/day after total exposures of less than 100 r (1). Secondary meristems appear to be affected somewhat differently, although these effects have been less well defined. The present study was planned to utilize the marks of annual xylem growth in pitch pine, a highly radiosensitive species, to determine the effects of longterm chronic gamma irradiation on the pattern of radial growth along the bole (2). The experimental trees had been irradiated chronically for about 9 years at the edge of a gamma radiation field at Brookhaven National Laboratory. Exposure rates varied from year to year, but the trend was from 222 in years of environmental stress.
Meristematic tissues are well known to be more sensitive to damage from ionizing radiation than differentiated tissues. Recent work on primary meristems has shown damage in Taxus buds at exposure rates as low as 3.75 r/day after total exposures of less than 100 r (1). Secondary meristems appear to be affected somewhat differently, although these effects have been less well defined. The present study was planned to utilize the marks of annual xylem growth in pitch pine, a highly radiosensitive species, to determine the effects of longterm chronic gamma irradiation on the pattern of radial growth along the bole (2). The experimental trees had been irradiated chronically for about 9 years at the edge of a gamma radiation field at Brookhaven National Laboratory. Exposure rates varied from year to year, but the trend was from 222 mice, and other animals, it seems probable that such currents are present in the adult human also. A mechanism is present, therefore, for the rapid movement of cerebrospinal fluid by local mechanical means (5 Trees were felled and a cross section was taken from each internode. Ring widths were measured along three radii in each cross section. The measurements for each ring were averaged and plotted on a graph in which the ordinate was the position along the stem and the abscissa was the width of the ring. Such a graph shows the "type one sequence" of Duff and Nolan (2), called more simply "oblique sequence" by Mott, Nairn, and Cook (3). Identification of false annual rings produced by a second flush of growth was facilitated by recognition of key years of high or low growth. In certain inlow levels of approximately 0.1 r/day in the earlier years to higher levels in later years. Maximum rate for any tree was 5 r/day. Controls were nonirradiated trees from similar stands remote from the gamma source.
Trees were felled and a cross section was taken from each internode. Ring widths were measured along three radii in each cross section. The measurements for each ring were averaged and plotted on a graph in which the ordinate was the position along the stem and the abscissa was the width of the ring. Such a graph shows the "type one sequence" of Duff and Nolan (2), called more simply "oblique sequence" by Mott, Nairn, and Cook (3). Identification of false annual rings produced by a second flush of growth was facilitated by recognition of key years of high or low growth. In certain instances it was necessary to follow individual rings on longitudinal sections to ascertain whether the rings had been produced throughout the length of the stem. By combination of these techniques it was possible to identify rings positively from one internode to another through the stem and to correlate diameter increments among trees. This method showed clearly that reduced, discontinuous, or missing rings are common in the basal sections of irradiated trees and much less common in nonirradiated controls (Fig. 1) .
Once the correlation of annual increments between internodes and among trees had been completed, diameter growth along the entire stem of a tree for any year could be plotted. Comparing in this way the increment of control trees and experimental trees prior to irradiation, it was clear that there had been no substantial differences in diameter growth: in favorable years both groups of trees had added 2.0 mm or more of radial increment throughout their lengths; in unfavorable years both added about half that radial increment, but the reduction was most pronounced at the base of the tree. After commencement of irradiation in 1951 the experimental trees produced no annual increments or reduced or incomplete increments in the lower onethird of their stems, while control trees added an increment throughout their lengths. The effect of continued irradiation with sublethal levels was a substantial reduction of radial increment at the base of the tree first and reduced increment at the top, a pattern described by Farrar (4) and Duff and Nolan (2) as characteristic of suppressed or otherwise stressed trees.
The parallel between radiation effects and stress effects on radial growth led to examination of increments produced in years of high and low stress. These years were defined as years in which control trees produced near-minimum and near-maximum increments in diameter. In years of low stress, control trees produced radial increments between 1 and 2 mm in width throughout the length of the stem; the pattern in years of high stress was similar except that the total increment was less. In irradiated trees equal in age to the controls, growth in diameter prior to irradiation paralleled that of control trees. After commencement of irradiastances it was necessary to follow individual rings on longitudinal sections to ascertain whether the rings had been produced throughout the length of the stem. By combination of these techniques it was possible to identify rings positively from one internode to another through the stem and to correlate diameter increments among trees. This method showed clearly that reduced, discontinuous, or missing rings are common in the basal sections of irradiated trees and much less common in nonirradiated controls (Fig. 1) .
The parallel between radiation effects and stress effects on radial growth led to examination of increments produced in years of high and low stress. These years were defined as years in which control trees produced near-minimum and near-maximum increments in diameter. In years of low stress, control trees produced radial increments between 1 and 2 mm in width throughout the length of the stem; the pattern in years of high stress was similar except that the total increment was less. In irradiated trees equal in age to the controls, growth in diameter prior to irradiation paralleled that of control trees. After commencement of irradiation in 1951, however, the increments at the base of the tree dropped sharply, (Fig. 2) . In years of high stress, however, the tree with low competition produced a small radial increment throughout its length, despite a total exposure of 2815 r. The tree in the woods, exposed to about 3200 r, produced only discontinuous rings throughout more than half its length and a very small increment at the top of the tree, while a nonirradiated control, also under high competition, produced an increment throughout its length.
From these observations it is clear that the effect of ionizing radiation on radial growth is highly dependent on the size of the tree crown and on environmental conditions during irradiation. A tree with a large crown extending throughout most of the length of the stem may show little or no effect from low-level exposures even in years of environmental stress, while trees in the forest and with small crowns respond to total exposures as low as 2 r/day by failure to add radial increments in the lower part of the bole. This observation suggests that the primary site of damage lies in the crown and not in the stem, and agrees with other observations (1, 5) which indicate that buds are probably the sites most sensitive to radiation damage. Since cambial activity appears to be initiated by auxin movement from these buds (6) damage to the sites at which auxin is produced may cause failure of initiation of cambial activity at points most distal from the buds. Such an effect would be confounded in this study with effects due to reduced production of carbohydrates by the radiation-damaged crown.
A second conclusion is that the interaction of ionizing radiation and stress in producing variations in the severity of the reduction in growth emphasizes the general principle that less than arbitrarily recognizing two conditions which were called "high" and "low competition." Trees in the woods and with crowns extending one-third or less of the total length of the stem were said to be growing under high competition; trees along the margin of the woods or in the open and with living branches extending two-thirds or more the length of the stem were said to be growing under low competition. Radial increments of such trees differed by a factor of approximately 2, as shown in the graphs for 1953, a year of low stress (Fig. 2) . In years of high stress, however, the tree with low competition produced a small radial increment throughout its length, despite a total exposure of 2815 r. The tree in the woods, exposed to about 3200 r, produced only discontinuous rings throughout more than half its length and a very small increment at the top of the tree, while a nonirradiated control, also under high competition, produced an increment throughout its length.
A second conclusion is that the interaction of ionizing radiation and stress in producing variations in the severity of the reduction in growth emphasizes the general principle that less than optimum conditions for one factor or set of factors may alter the tolerance of optimum conditions for one factor or set of factors may alter the tolerance of an organism for another factor, in this case ionizing radiation. It is quite probably true, therefore, that the interaction of ionizing radiation with the stresses normally exerted on plants in natural arrays will produce effects at lower radiation exposure levels than those necessary to produce the same effects in the laboratory or under controlled environment conditions (7).
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